experiment. Other groups (C, D, E) showed delaying and milder buccal necrosis for one week, with elongated pouches to about 3.5-4cm, at10 th week. (Normal pouch length is about 5 cm). 2-Hair loss of the perioral area and skin lesions were extensive in G.B that were milder and delayed in the combined groups. Fig. 2 A-C)then translocated and expelled from the sub-epithelial area upwards to outside the epithelium with normal appearing surrounding cells. These collections were seen at weeks 2-4 of all combined treatment groups. Mild sub-epithelial inflammatory infiltrate along the experimental period, only in groups (F&G). 4-Keratin pearls (Fig. D &E) seen as to be expelled from the epithelium, at 4 th to 6 th weeks, in all combined groups.
3-Aggregation of inflammatory cells (
Histopathologic results: (H&E stain):The pouches of the negative control (G. A)and right pouches of all experimental groups showed normal histologic appearance (Fig. 3A) ,with slighthyperkeratinisation of experimental groups.Due to the thin nature of the hamsters' pouch epithelial lining, evaluation of the dysplastic criteria followed El-Dakhakhny et.al.
(2009)(19).
The leftpouches ofG. B, after 2 weeks of painting showed extensive necrosis of the pouches' distal part, surrounded by dense inflammatory infiltrate, a zone of granulation tissue where muscle fibers are degenerating. The rest of the lining revealed variable amounts of inflammatory infiltrate.After 4 weeks:focalareas ofmoderate dysplasia,progressed to severe dysplasia/ CIS and invasive islands confined to the papillary lesionsafter6 weeks (Fig.  3B ).From the 6 th to 8 th weeks,large papillary overgrowths are seen with deeper invasion beyond these lesions. No muscle fibers could be seen at these areas, and variable inflammatory infiltrate along the pouch length. Rest of the pouch was disturbed with multiple focal thickenings,downward growths and variable degrees of dysplasia. The necrotic area was still present till end of the experiment.
G. C:After 2 weeks,moderate necrotic mass surrounded by inflammatory infiltrate then granulation tissue, where muscle fibers are degenerating, and few fibers had central nuclei ( fig. 4A ). The rest of the lining was devoid of inflammatory infiltrate. Focal intraepithelial collectionsof inflammatory cells along the epithelial lining. Increasing muscle fibers replacing the fat tissue (Fig.4C ). After 4weeks, distal necrosis is still present, and the rest of mucosa showed focal areas of mild dysplasia with mild inflammatory infiltrate. By week 6,keratin nodules were seen with mildinflammatory infiltrate and normal muscle fibers. The rest of the epithelium showed focal hyperplasia and keratinization, with resolved necrotic end. Week 8:the epithelial lining was hyperplastic and hyperkeratinised, the lamina propriawas thicker and devoid of inflammatory infiltrate. By week 10, focal areas of mild dysplasia with normal appearing epithelium in the rest of pouch lining.The dense muscle zone was more organized with no fat tissue.
Gs. D&E: after 2weeks, the necrotic mass was less extensive, surrounded by granulation tissue and degenerating muscle fibers. The outer zone revealed muscle fibers with multiple nuclei (Fig.4A) .The rest of the epithelium and muscle fibers were of normal appearance with mild inflammatory infiltrate. After 4 weeks, the hyperplastic epithelium surrounding the necrotic mass showed mild/ moderate dysplasia (Fig.3D ) the muscle fiberswere degenerating, with central nuclei of some fibers. The rest of the pouch showed focal epithelial hyperplasia, mild dysplasia, and focal aggregates of intraepithelial inflammatory cells, at different levels of the epithelial thickness. After 6-8 weeks, hyperplasia& keratinization covering thicker fibrotic lamina propria, more muscle fibers showing multinucleation, and healed necrosis. At week 10, focal epithelial hyperplasia and keratinization. Themuscle fibers'zone was thicker and more organized, multinucleation and central nuclei were seen in some fibers, at few areasfat cells infiltrate muscle fibers. (Fig. 4B) .
Gs. F&G: after 2 weeks, the findings were comparable to G. B. However multiple areas of intraepithelial inflammatory cells' collection along the pouches' epithelial lining. Therest of the pouches were hyperplastic, and the muscle layer was cellular. From week4 to 6, focal areas of mild dysplasia were detected,muscle fibers are intermixed with fat cells. From week6 to 10:the muscle layer was of normal appearance, with central nuclei of some fibers,with thicker, fibrotic lamina propria. The epithelium showed mild/ moderate epithelial dysplasia in a focal pattern.
IHC results: Evaluation of the IHC results were subjective as mild, moderate or intense. However, nuclear localization ofNf-ĸB and caspase-3was consideredasactivated markers. 1-TNF-α (Fig. 5 A &B) a-Both pouches ofG.Aand right pouches of all experimental groups: showed mild diffuse reaction in both epithelium and muscle fibers, along the experimental period. b-G.B: Moderate diffuse reaction of epithelial cells, inflammatory cells, endothelial cells, scattered mononuclear cells (MNC) (possibly macrophages), with mild reaction of muscle fibers. This finding was reported from the 2 nd to 8 th week, especially the tumor cells, endothelial cells and macrophages, which were moderate/ intense. c-Left pouches of group C: from the 2nd to 4th weeks showed nuclear reaction of normal appearing epithelium, near area of necrosis. The intraepithelial inflammatory cells were negative, whileMNC were positive. The reaction was negative from the sixth to 10 th wks. Figs. 6A-F) a-G.A. and right pouches of experimental groups: Showed mild/ moderate diffuse reaction in the epithelium and moderate in muscle fibers. b-G.B: From the 2nd to 6 th weeks, the reaction was nuclear and cytoplasmic in all epithelial cells, inflammatory cells, blood vessels and MNC. The muscle fibers' reaction was mild. At week 8, the reaction in tumor cells wasnuclearinbasal cells, and diffuse suprabasally. c-G.C:Atweek 2, all epithelial cells and intraepithelial inflammatory cells were positive. Degenerating muscle fibers at the necrosis area were intensely stained and moderate along the rest of the pouch. From week 4 to 8, the reaction was mild and diffuse through the epithelial layers, blood vessels,MNC, and muscle fibers. At week 10, nuclear stain of the basal layers of rathernormal appearing epithelium. Increased bulk of the muscle zone was moderately stained. d-Left pouches of Gs. D&E: at week 2, there was nuclear and cytoplasmic stain of basal epithelial cells, intraepithelial inflammatory cells. At weeks 4 and 6, there was focal positive cells (nuclear) in the lower epithelial layers,of hyperplastic regions, while was diffuse in the rest of normal appearing epithelium. The thickened muscle fibers expressed mild/ moderate reaction. At week 8, focal hyperplastic areas showed positive nuclear reaction of the basal cells, diffuse cytoplasmic in the rest of epithelial lining. Byweek 10, the reaction was negative in all epithelial layers. e-Gs. F&G: at weeks 2 and 4, there was nuclear and cytoplasmic reaction in all epithelial layers, and the intraepithelial inflammatory cells were positive. The degenerating muscle fibers were intensely stained, while were moderate along the rest of pouches' mucosa. At week 6 there was mild/moderate diffuse reaction of suprabasal layers, with only few cells showed nuclear reaction. At week 10, few suprabasal cells expressed nuclear reaction, muscle fibers and blood vessels were mildly stained. 3-TGF-α (Figs.7A-D) a-G.A: and right pouches of all experimental groups: the reaction was intense in all epithelial layers, muscle fibers, andMNC, while was negative in the lamina propria. b-G.B: fromweeks2 to6,the epithelium showed mild/ moderate reaction, the degenerating muscle fibers and
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MNCwere mildly stained.From weeks 8 to 10 the surface epithelium and tumor cells showed intense positive reaction. Away from the necrotic area, muscle fibers showed mild /moderate stain. c-G. C:at 2 nd and 4 th weeks, the basal epithelial cells, muscle fibers and endothelial cells stained moderate/ intense. Positive scattered MNC around the degenerating muscle fibers at the area of necrosis. At the distal end of the pouches, elongated, parallel cells showed alternating negative and positive reaction. From the 6 th to 10 th weeks,positive reaction of basal epithelial cells, thickened muscle layer with membranous reaction and MNC. d-Gs. D&E: at week 2, degenerating muscle fibers showed membranous stain, epithelium, muscle fibers and MNC, away from the necrosis, were intensely stained. At weeks 4 and 6, mildreaction inthe hyperplastic epithelium, muscle fibers and MNC. Fat infiltrating muscle fibers where some fibers showing central nuclei. An area with longitudinal parallel cells waspositive. At weeks 8 and 10, moderate/ intense epithelial stain, while the increased bulk of muscle fibers, endothelial cells, and MNC were mildly stained. At areas of fat infiltrating the muscle layer, some fibers showed central nuclei. e-Gs. F&G: from the 2 nd to 4 th weeks, mild/ moderate reaction of all epithelial layers, whilemuscle fibers and MNC were moderately stained. Near the necrosis, parallel cellular zone showed negative and positive reactions. From weeks 6 to 10, the normal appearing epithelium was moderately stained while the increased bulk of muscle fibers were mildly stained replacing fat cells. (Fig.7 C &D) . 4-Caspase3 (Fig. 8A-F In all cases the muscle fibers' reaction was mild/ moderate. c-G. C:at weeks 2 and 4,degenerating muscle fibers, at area of necrosis, were intensely stained, and the lower cells of epithelium along the rest of mucosal lining. The hyperplastic epithelium showed nuclear reaction of the lower cells. From weeks 6 to10, moderate reaction of lower epithelial cells, intense stain ofMNCbetween muscle fibers. At areas of fat infiltrating muscle fibers, some fibers showed central nuclei. In all cases the muscle fibers were mildly stained. d-Gs. D&E: at weeks 2 and 4, the hyperplastic epithelium around necrosis was moderately stained (nuclear and cytoplasmic), while normal appearing epithelium showed nuclear stain of basal cells. Muscle fibers showed mild/ moderate stain with central nuclei in some fibers, and MNC. From weeks 6 to 10, the reaction nuclear and cytoplasmic in all epithelial layers. The muscle layer was significantly increased with mild / moderate reaction.
5-Masson's trichrome stain: (Fig.9 A-D)
This stain was carried out to elucidate the nature of longitudinal parallel cells, thought to be regenerating muscle fibers. Green color indicates fibrous tissue and purple color indicates muscle fibers. In G. Conly at week 2, transition from green to purple colors were seen (Fig. 9 C & D) . While in all other groups, no distinct transition between the two colors was clear.
IV Discussion
This study aimed to introduce a safe and effective nanoformulation of the well known thymoquinone (TQ), as a chemo-protective and -therapeutic agent in the classic HBP/DMBA model. Along the experimental period, a promising muscle regenerative effect was noted for the used agents. TQ is well known as an anticancer phytochemical on different in vivo and in vitro models (16) . In the present work liposome-encapsulated thymoquinone in nanoformulation (NTQ) was used as a chemo-protective, and -therapeutic agent, compared to bulk (TQ). The prepared NTQ at the defined size and shape (spherical, 3-25 nm) was found none toxic as determined by liver and kidney parameters (reported by a comparable study in our lab.) using the same model (15) . The safety of TQ was previously confirmed, in other in vivo models, by Badary et al (1999) (30), and Nair (1991) (31). The none-toxic effect of TQ and NTQ, in the present study, was evident through the better general health performance of animals received the combined treatments compared to G. B,delaying and regressing the gross changes and the malignancy process. When the animals were left without any treatment for another 2 weeks, this protective effect was extended in the form of further regression of the clinical features and malignancy process.
Histologically, G. B showed moderate dysplasia after 4 wks, then CIS to superficial invasion after 6 wks, progressed to deeper invasion at end of the experiment. Indicating that initiating/ promoting effect of DMBA was not arrested when DMBA was stopped for 2 weeks. This might be attributed to the presence of necrotic tissue to end of the experiment. While in the groups given DMBA withlower NTQconcentrations showed mild/ moderate dysplasia after 4 wks, progressed to severe dysplasia after 6 wks, and regressed to mild/moderate dysplasia at end of the experiment, when DMBA was stopped and extended protection of NTQ. Meanwhile, Gs. C, D, E showed regression of dysplastic changes to normal appearing pouches with only mild dysplasia. This regression was reported by other researchers used TQ and PTQ in the same protocol (2, 19) , or green tea extract, or Nigella sativa whole oil (NSO) (32, 33) .
It is well documented that the main TQ activityis its anti-inflammatory effect (34) ,and suppression of TNF-α-NF-кB activation (7). That effect was on line with the intense expression of both TNF-α and nuclear localization of NF-ĸB, in the epithelium of G.B,in the present work, i.e. activating the TNF-α -NF-ĸB pathway. While were moderate andconfined to the basallayers of dysplastic epithelium, in early weeks (2-4 wks) of all combined groups. It is possible that the continuous DMBA painting aborted the full protective effect of TQ and NTQ, especially at early weeks of painting. In a human chronic myeloid leukemia cells (KBM-5) model, confirmed that TNF-α -NF-ĸB pathway was inhibited by TQ in a dose-and time-dependent manner, as well as suppressedp65 binding to DNA. Which in turn would down regulate expression of NF-кB-regulated anti-apoptotic, -proliferative, and -angiogenic gene products (4) . In the present study, TNF-α was diffusely expressed in all epithelial, and inflammatory cells, in G. B and Gs. F&G up to end of the experiment. While reduced expression of TNF-α and NF-ĸB in Gs. C, D, E, from weeks 4-10, parallel with regressed malignant transformation of the pouches' epithelium. In a cancer cell line, TQ interfered with TNF-α-NF-ĸB signaling during apoptosis-induction (7). The authors had documented its dosedependent effect, where 12.5 µm had induced expression of 4 pro-apoptotic genes, 100 µm induced expression of 21 genes directly involved in apoptosis, 10 genes involved in TNF signaling and 3 genes of NF-ĸB signaling. These results would explain the best effect of TQ and NTQ higher concentrations, where regression of dysplastic changes to near normal with only focal mild dysplastic areas, i.e. through apoptosis of mutated cells. The dose-and timedependence of TQ's anti-inflammatory effect was further revealed by healing of the necrosis after 6 wks of DMBA painting in the combined groups, partly due to expulsion of the inflammatory cells. While the necrosis and diffuse infiltration of inflammatory cells were still present to end of the experiment in group B. Matching results of a comparable study were reported when TQ loaded on gold nanoparticles (G NPs-TQ), applied topically at different
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DOI: 10.9790/0853-1605035466 www.iosrjournals.org 59 | Page concentrations. They were given for 2 weeks, followed by combined DMBA and all used agents for 7 and 14 weeks (3/wk). The authors found that (G NPs-TQ), when TQ concentration was 0.001 mg/kg, was the most effective in regressing severe dysplasia in the DMBA-only painted pouches (showing intense nuclear NF-ĸB expression) to mild dysplasia and mild nuclear NF-ĸB expression after 7 weeks. While it had regressed the invasive carcinoma with intense nuclear NF-ĸB expression (DMBA-only painted pouches) to CIS and mild nuclear NF-ĸB expression after 14 weeks (35) . As one of the main sources of TNF-α is the inflammatory cells (36), in turn TNF-α activates NF-ĸB (7),extrusion of the inflammatory cells, in the present study, in all combined groups, would result in the beneficial effect of the used agents. Furthermore, these inflammatory cells' (especially groups C, D, E) wereTNF-α negative,while were positive for NF-ĸB. In contrast NF-ĸB was negative in the surrounding epithelial cells. A finding that confirms another direct anti-inflammatory effect of TQ and NTQ on the TNF-α-producing cells, in turn imposing a suppressing effect on NF-ĸB in the epithelial cells (7), at least in early weeks of carcinogen exposure.
The extrusion of inflammatory cells and keratin pearls could be related to a previously reported finding of expulsion of what seemed dysplastic cells, in a comparable study (33) and personal communication. The author used Nigella sativa whole oil (NSO), before-, with-or after DMBA. Histologically, group of epithelial cells seen at the uppermost layer of surface epithelium, surrounded by clear zone, which was proposed to be Langerhans' cells. These findings would be another direct way of both NSO and its active ingredient TQ, to protect against the malignant process.
Another protective mechanism of TQ is activation of various apoptotic pathways in different cancer cell lines, whether through p53, (37) or caspases-(-8,-9, and-3) (29) . Therefore, caspase-3 was the focus in the present in vivo model both in the epithelium and muscle fibers, due to its unexpected role in muscle regeneration (28) .
The present results showed faint diffuse expression of caspase-3 in all epithelial layers and muscle fibers, in group B, along the experimental period, and early weeks of other combined treatment groups. Later weeks, it became nuclear in all combined groups. This finding indicates an apoptotic activation pathway to mutated epithelial cells by TQ and NTQ, through caspase-3. TQ and all NTQ concentrations' effect was doseand time-dependent. In G. B caspase-3 expression was mild and diffuse in all epithelial layers, i.e.DMBAsuppressed the caspase apoptotic pathway. Whereas its expression was moderate/ intensein Gs. C, D, Eparallel to the normal appearing surface epithelium, even with continuous painting of the DMBA, i.e. the agents stimulated caspase apoptotic effect.The TQ-induced caspase-3 activation was confirmed in an in vitro study, where TQ induced apoptosis through caspase-3 activation (29) .
From the previous findings, it is clear that TQ and NTQ, had both protective and therapeutic effects on the HBP/DMBA model, through anti-inflammatory and apoptotic pathways, in addition of significant pouches' elongation to near normal length.
In a review of muscle regeneration, chronic inflammation and fibrosis result in interference with muscle regeneration (38) , supporting the present results, where continuous DMBA painting (G. B), elicited persistent irritation ending with short pouches with no evidence of elongation till end of the experiment, even when DMBA was stopped for 2 weeks mostly due to persistence of the necrotic tissue. While in all combined groups, TQ and NTQ in a dose-and time-dependent manner hadstimulated muscle regeneration, as their pretreatment then continued with DMBAand expulsion of the inflammatory cells, had resulted in reduced tissue necrosis and faster resolution of the necrotic tissue, i.e. promoting muscle regeneration. The sequence of muscle regeneration, following its degeneration, starts in few hours to few days (38) . Therefore, it was of importance to look for some important mediators of muscle regeneration as TGF-β, TNF-α, NF-ĸB, and caspase-3, where the induction of degeneration (by the carcinogen) followed by muscle differentiation (induced by the anti-inflammatory TQ and NTQ) cascade. In the present work, this combined treatment had resulted in overlap between the different cells and mediators involved in that process in favor of muscle regeneration. TNF-α was moderately expressed in MNC (possibly macrophages), in G. B pouches up to end of the experiment. In parallel isNF-ĸB nuclear expression in the inflammatory cells, and muscle fibers. As indicated by Warren et al (2002) , TNF-α activating NF-ĸB leads to proteolysis of muscle fibers (8) , explaining why pouches of G. B did not show elongation. Furthermore, the authorsproposed a dual action of TNF-α that it activates quiescent satellite cells and enhance their proliferation and differentiation, in primary myoblasts (8) . Also Li (2003) showed that TNF-α is mitogenic both in vitro (primary myoblasts) and in vivo through promoting activation of satellite cells in adult mouse muscles (39) . In the present work, where pouches' elongation in groups C-G (no or mild inflammation and negative TNF-α expression), would be due to other cytokines' effect that compensate the myogenic role of TNF-α (40), or to a direct effect of TQ and NTQ on myogenesis. Another explanation is that low TNF-α concentration (2-6ng/ml) was found to evoke TNF-α-receptor activation in cultured myocytes, while in higher doses (20 ng/ml) it was toxic (51) i.e. concentrationdependent. Other studies showed that repeated doses from 100 to 500 µg/kg of TNF-α had resulted in muscle protein loss or apoptosis (24, 40) . That would explain the inability of short pouches to elongate in G.B, as the (41) .This note matches with the present study where infiltrated inflammatory cells in the area of tumors and around necrotic tissue were intensely expressed in groupB i.e. DMBA imposed a continuous inflammatory state that prevents myogenesis. Milder TGF-β expression was seen in Gs. F&G indicating their milder protective effect against the continuous DMBA painting. On the other hand, from the 2 nd to4 th weeks in Gs. C-E, TGF-β was expressed in the inflammatory cells around necrosis, and was membranous in muscle fibers. The stain was fading from the 8 th to 10 th weeks, where bulk muscle zone had been formed, i.e. groups C-E had suppressed TGF-β activity even with continuous DMBA painting, in favor of evident myogenic effect. This further confirms a dose-and time-dependent effect of the used agents on the myogenic process.
It was found that TGF-β can cause satellite cell apoptosis so potently inhibit their proliferation and fusion (42) . This could explain the present findings in G.B and early weeks of combined treatments, fat cells infiltrated muscle fibers, and at areas thickened fibrotic lamina propria (at the expense of the muscle layer) was clear, in parallel with expression of TGF-β.
A zone of parallel elongated muscle fiber-like cells were seen atthe pouches' distal part,at early weeks, which by Masson's trichrome stain, showed a transition from fibrotic (green color) to myogenic tissue (purple color) in group C, while was indistinct in other groups. This indicates a superior TQ myogenic effect over other combined NTQ-groups, As TGF-β is released by infiltrating monocytes, local parenchymal cells, myo-fibroblasts, cells of the extracellular matrix, and epithelial cell (43) , it was expressed in the scattered MNC, muscle fibers, epithelial cells, and endothelial cells, in the present work. This expression was in early weeks (2-4 wks) of all combined groups. The clinical pouches' elongation with fading of TGF-β expression in the muscle fibers up to end of the experiment, may explain its dual effect on myogenesis. Monocytes, supposed to be macrophages, were TGF-β positive with some muscle fibers showing central nucleation (a sign of muscle regeneration) (44) , even in areas of fat infiltrating muscle layer.
Along the experimental period, the MNC between muscle fibers, were TNF-α and TGF-β positive, where these MNC are of their major sources (8, 45) . The role of macrophages in muscle regeneration was documented by their early presence (pro-inflammatory phenotype or the M1) with neutrophils to phagocytose necrotic tissues and degenerating muscle fibers. Two days later, M2 cells (the anti-inflammatory phenotype) appear to activate satellite cells, followed by muscle regeneration in 4-10 days and muscle maturation from 10-15 days (44, 46, and 47) . In the present study, TNF-α-positiveMNC, between muscle fibers, were seen in the first 4wks of groups C, D, Eespecially at areas of fat cell's infiltration between muscle fibers. These positive cells had disappeared in the following weeks to end of the experiment, where the pouches were elongated clinically. On the other hand they were positive in groups B, F, G up to end of the experiment. It is possible that they could be persistent M1 macrophages that prevented regeneration with continuous DMBA painting and the less protective effect of lowest NTQ concentrations. In these pouches, many areas showed fat replacing muscle fibers.
Another finding is the membranous localization of TGF-β of degenerating muscle fibers in early weeks of combined treatments (2-4 weeks). This localized stain could be the PDGF+-cells which differentiate to stimulate fat tissue formation and/ or fibrosis. These cells are distinct from satellite cells (which were subjected to apoptosis under the effect of TGF-β) (48). Philippou et al (2008) showed that TGF-β was expressed, after muscle injury, around muscle fibers (at the ECM) (41). Meanwhile, Li et al (2004) results showed that TGF-β elevated level in the area of muscle injury was not only due to infiltrating lymphocytes but to the local myogenic cells (42) . A finding that explains its membranous expression where no inflammatory cells were found in these combined treatment groups, in the present work. Also it explains the dense lamina propria (fibrosis) at these pouches due to the known TGF-β effect on collagen formation and inhibition of matrix degradation (45) . Its dual effect (from the present work) appears in its positive expression in the epithelium and degenerating muscle fibers in G. B and early weeks of all combined groups, i.e. pro-apoptotic effect in favor of fibrosis. While, its pro-myogenic effect was evident in its expression at the distal portions of elongating muscle fibers (by end of the experiment), with some fibers showing central nuclei and multinucleated fibers.
Of interest was the contribution of caspase-3 to differentiation of various cells including muscle cells (49) , which was explained as that differentiating myoblasts share a remarkable similarity with many key cellular alterations common for apoptosis (28) . The role of caspase-3 was explained by Fernando et. al. (2002) where skeletal muscle differentiation depends on caspase-3 activity. They showed that inhibition of caspase-3 activity leads to dramatic reduction in both myotubes/ myofibers' formation. Their results confirmed a unique role for a caspase-3-mediated signal cascade in promoting muscle regeneration (28) . The present results confirmed the myogenic effect of caspase-
DOI: 10.9790/0853-1605035466 www.iosrjournals.org 61 | Page 3, where mild expression of caspase-3 in groups B, F, G along the experimental period, in parallel with non-elongated, or slightly elongated pouches, respectively. Whereas, its expression was moderate in muscle fibers showing increased muscle bulk along the experimental period, in groups C, D, E. Same expression level, in these groups, was found in areas of fat infiltrating muscle fibers, with multinuclei or central nuclei in some fibers, i.e. intermixed degenerating/ regenerating effect of the combined groups, in favor of muscle regeneration. A study had explained the effect of caspase-3, that initiation of myogenesis is required to remove a population of myoblasts (through apoptosis) which would normally inhibit the differentiation process. Alternatively, increased caspase-3 expression may lead to intracellular alterations, in turn activate a differentiation process (28) . This effect was clear, in the present results, in early weeks of combined treatment groups, where the evidence of new muscle formation (central nuclei and multinucleated fibers) (49) , near the necrotic mass was seen, i.e. dedifferentiation of degenerating cells to regenerate new cells. This is revealed by positive caspase-3 of degenerating muscle fibers with regeneration potential of these cells. In an in vitro study showed that not all myoblasts revealed morphologic signs of apoptosis (caspase-3 positive cells), but rather related to myogenic differentiation. The peak of highest expression of caspase-3 (24 hours), followed by its decrease to its base level in 48 hours, the time of maximum differentiation and myotubes' formation had been reached (50) .These observations, of close timing, were not followed in the present in vivo work, which aimed to evaluate the carcinogenesis process, not muscle regeneration effect. Also the systemic route of TQ& NTQ, would make the timing is longer than 2 daysseen in tissue culture. However, their pretreatment would offer enhanced and extended effect than if given with-, or after DMBA painting. Although, the classic HCP/DMBA model for oral cancer-induction was used for decades to evaluate the effect of many chemo-preventing and -therapeutic agents, the present study records new findings that need in-depth studies for explanation and evaluation. For example: the expulsion of keratin nodules from the surface epithelium, the aggregation and expulsion of inflammatory cells in the combined groups, surrounded by normal appearing epithelial cells, and finally, the muscle regenerative effect. These findings shed light on the differentiating potential of TQ and its nano-formulation on keratinocytes, fibroblasts and muscle fibers.
V. Conclusion
This work showed that it is possible to induce muscle regeneration in a toxic and continuous inflammatory/ mutagenic state. Although higher concentrations of NTQ showed comparable beneficial effects to TQ on the carcinogenesis process and myogenic potentiality, NTQ will be more economical with reducing the required dose for each disease.
Recommendations
Using higher doses / concentrations for both TQ and NTQ, with an in-depth molecular evaluation of the presented results in higher models, as well as other pathologic conditions. NOTE: A more concise, closer time interval follow-up of initiated muscle regeneration is going on in our lab. Section from same groups at weeks 4-6, negative/mild epithelial reaction, mild/moderate muscle fibers' reaction of increased muscle fibersreplacing fat tissue (TGF-β x10). C: Section from same groups at week 6 showing negative reaction of normal appearing epithelium, and increasing muscle fibers (TGF-β x20). D: Same groups at week 10, showing moderate/intense stain of normal appearing epithelium covering mildly stained bulk muscle tissue (TGF-β x10). 
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Group and treatment (s) Main histopathologic finding(s) A-Negative control group (25 hamsters)
Normal pouch mucosa B-Positive control (DMBA-only) (20 hamsters) From moderate dysplasia to severe/ CIC, progressed to invasive carcinoma C-TQ (pretreatment), followed by combined treatment with DMBA (25 hamsters)
From moderate dysplasia to focal mild dysplasia D-NTQ 0.1 mg/kg (pretreatment), followed by combined treatment (25 hamsters)
From moderate to focal mild dysplasia E-NTQ 0.05 mg/kg (pretreatment), followed by combined treatment (25 hamsters)
From moderate to focal mild dysplasia F-NTQ 0.025 mg/kg (pretreatment), followed by combined treatment (25 hamsters)
From moderate to severe dysplasia, regressed to focal mild/ moderate dysplasia G-NTQ 0.01 mg/kg (pretreatment), followed by combined treatment (25 hamsters)
From moderate to severe dysplasia, regressed to focal mild/ moderate dysplasia
